INTRODUCTION
Strong winds in Beijing area as well as most inland cities of North China occur mainly in cold air outbreaks and thunderstorms. Strong wind induced by thunderstorm occurs in summer with short duration and limited area. Most of cold air outbreaks take place in spring and winter, and some weak ones in fall. The strong wind may last two or three days and cover vast area.
In the present paper the profiles of strong wind caused by a cold air outbreak, occured on October 2, 1999, are analysed. Wind speed and wind direction were observed with a meteorological tower with height of 325m operated by Institute of Atmospheric Physics, Chinese Academy. The tower is located at the north proper of Beijing City and is surrounded by buildings shown in Fig.1 . In this area kilometers there are residential houses of six stories and some business buildings with the highest ones of 75m. The meteorological tower is at the southeast corner in this figure. On the tower there are 15 platforms with equiment of wind speed, wind direction , temperature and humidity operated continuously. These platforms are set at the heights of 8, 15, 32, 47 , 63, 80, 102, 120, 140, 160, 180, 200, 240, 280 and 320m , respectively. The sample interval of wind speed is 20s. The wind profiles are 30 minutes mean values: As cold air outbreaks the wind comes from northwest. Thus the profiles on the tower reflect the wind characteristics over the area in Fig.1 .
ANALYSES
The wind profiles at 0300, 0630, 1500 and 2000 local time were analysed. At 0300 strong wind was found at higher level (Fig.2) . The wind speed at 300m was stronger than 10ms-1, while at lower level the wind was weak with value of 3ms-1 at 50m. The mean temperature lapse rate between 32 and 120m was 1.20K/100m.
At 0630 the wind speed strengthened (Fig.2) .
The speed was larger than 15ms-1 at height of 300m. And the speed at 50m increased to 6ms-1. At nighttime all the profiles presented stong vertical shear. The lapse-rate was 0.23K/100m at this time.
Since on the daytime (1500 local time), the thermal turbulence strengthened and vertical momentum transfer increased, the wind speed at higher levels decreased and the shear weakened (Fig.4) . The Stability was nearly neutral with the lapse rate of-0.72K/100m.
After sunset (2000 local time) the turbulence weakened and wind shear strengthened again (Fig .5) , that is, wind speed increased at upper levels and decreased at lower levels. However the intensity of the shear was not as strong as that at 0300 and 0630 . The atmospheric stratification turned to stable with lapse rate of 0.11KJ100m.
The parameters of the profiles are discussed as The values of p accord with the previous analyses.
At nighttime when the atmosphere is stable p is large, that is, shear is large. On daytime when the atmosphere is neutral or unstable the shear, and also the value of p, is small. The variation of p values with stability and roughness may be found from other sources, for example as shown in Table 11 ). where the stability is classified by Pasquill-Gifford stability category2).
The values of p analysed in the present study are close to that between z0=1 m and z0=3m. If the stability at 1500 local time is assumed to be near neutral, the profile follows logarithim law, that is,
where k=0.4 is von Karman constant.
Giving wind speeds at two levels, for example z1=50m and z2=100m, substituting them into (2), we 
Thermal dynamic, (6) where turbulence diffusivity, Numerical experiments are also carried out to test the influences of the distance from the inflow boundary to the position, where the tower is supposed to locate, on the adjustment of the wind profile. In the experiments three distances, 500m, 800m and 1600m, are tested. As the distance is 800 or 1600m, the shapes of profiles are almost the same. This means that provided the upwind boundary extends more than 800m from the point investigated the adjustment of wind profile to the urban canopy layer has completed.
SHORT REMARK
Wind observation at meteorological tower show that the wind profiles in an urban area follows the power law. The values of the exponents p, are much larger than that on open, flat area. The profile may be simulated by a canopy layer model by using volume averaging technique. 1. PURPOSE Since summer 1996, the U.S. wind engineers are using the extreme gust (or three-second gust) as the basic wind speed to quantify the destruction of extreme winds. And in order to better understand these destructive wind forces, it is important to know the appropriate representations of these extreme gust wind speeds. Therefore, the purpose of this study is to determine the most suitable extreme value distributions for the annual extreme gust wind speeds recorded in large selected areas. Toachieve this objective, we intend to use the generalized Pareto distribution as the diagnostic tool for determining the types of extreme gust wind speed distributions. Annual extreme gust wind speeds at selected 143 stations in the contiguous United States were used in the study.
METHOD
In the United States, ASCE 7-93 (ASCE 1994) was the last version of wind load standards using the fastestmile wind data, which statistically reduced extreme value distributions by using the Fisher-Tippet Type I function. The current ASCE 7-95 (ASCE 1996) uses the three-second extreme gust wind speeds for estimating wind loads on structures. Recognizing that extreme wind speeds are physically bounded, researchers have used Weibull and reverse Weibull distributions in their analyses of extreme winds (Cheng and Chiu 1994 and 1995; Gross et al. 1994 and 1995; Simiu and Heckert 1996) . Results from these studies have indicated that annual fastest-mile wind speeds (excluding tornado and hurricane winds) are better described by the reverse Weibull distribution in most, if not all cases. Our recent study on annual extreme gust winds suggests that a'two-parameter generalized Pareto distribution (GPD) may be used to analyze the extreme gust wind speeds instead of the current practice of assuming that the parent extreme winds (regardless of location) are all type I distributed. The solution range of the tail-length parameter c of GPD may serve as an indicator that the extreme events under consideration may be represented by either Type I Gumbel (for e value approaching zero), Type II Frechet (for c>0) or Type III reverse Weibull (for c<0) extreme value functions distributed.
STRATEGY
Consider W(t) as the wind speed time series at a specific site, and V as the extreme gusts associated with W(t), in general, the parent distribution of V is unknown. However, V may be identified by estimating its tail quantile probability of a proposed conditional cumulative distribution function F(v):
(1) for d>0 and (1+cv/d)>0, in which, V=W(t)-u, where u is a sufficiently large threshold value of W(t), v is a conditional realization of V, c and d are the shape (or tail-length) and scale parameters, respectively. Eq. (1) One of the important properties of GPD is that the extreme gust wind variate v in Eq. (1) For c=0, that is the limit of c approaching zero, Eq.
(2) becomes:
For c>0, then c=1/q and Eq. (2) becomes:
For c<0, then c=-1/q and Eq. (2) becomes:
Eqs. (3), (4) and (5) are the Type I (Gumbel), Type II (Frechet) and Type III (reverse Weibull) extreme value distributions, respectively. Mathematically, the difference between Type II and Type III distributions is only a sign conversion.
Since the tail-length parameter c of the three-parameter GEV and the two-parameter GPD are exactly identical, we are using the two-parameter GPD as the diagnostic tool for determining the types of extreme gust wind speed distributions.
ILLUSTRATION
Annual extreme gust wind speeds at selected 143 stations in the contiguous United States were used in the study (Fig. 1) . The length of these annual series varied from 15 to 40 years and these data were adjusted to the height of 10 meters above ground level. The GPD's taillength and scale parameters for the annual extreme gust wind speeds at all 143 stations were quantified.
It is noteworthy that the selection of an appropriate threshold value, u, is critical for the parameter estimation. A high threshold value reduces the bias since it conforms best with the asymptotic assumption on which the GPD is based; however, because it results in less data, therefore, it will increase the sampling error (Gross et al. 1994 ). On the other hand, excessive lowering of the threshold value would increase the availability of extreme values and it would introduce correlation among the data. This correlation would violate the basic assumptions of the GPD used in this study, which assumes the exceedances of the extreme events to be independently and identically distributed. Since the threshold value is site-dependent, the annual series' median wind speed, Vmed, was found to provide satisfactory results (Gross et al. 1994 ). The Vmed, was also chosen to be the threshold value for all the 143 stations used in this study. Obviously the occurrence of Vmed is rare in a sense. Therefore, it is reasonable to assume that successive extreme events arrive according to a Poisson process and have independent magnitudes.
Further, of the 143 stations studied, only one station yielded a positive tail-length value (indicating Type II distribution for that station), two stations with values approaching zero (i.e., Type I distributions), and the rest were all negative values (i.e., Type III distributions). The observed extreme gust winds v at all 143 sites were plotted against a reduced variate W calculated for the extreme value Type I distribution. The observed data were then fitted graphically by both the Gumbel and reverse Weibull distributions which were converted into reduced variate form, as illustrated in Fig. 2 . This result clearly indicated that, at the 140 stations, the Type III reverse Weibull distribution is most suitable for delineating their annual extreme gust wind speeds, therefore, the reverse Weibull distribution is the basic representative probability function for those 140 stations. This result is in agreement with the conclusions suggested by other studies for fastest-mile winds (Gross et al. 1994; Simiu and Heckert 1996). However, a simple statistical analysis revealed the opposite results. The Type I Gumbel distribution yielded much higher accuracy than the Type III. This result is further verified by fitting the wind data at the 140
•\ 654•\- It is understandable that the probabilistic model should reflect the physical limitation of gust wind. The Type I Gumbel distribution has an infinite upper tail that may be unrealistic to describe the physically bounded nature of the peak gust wind. For a greater recurrence interval, wind speed predicted by the Gumbel distribution may be unrealistically high. However, only 50-year recurrence intervals were used in this study. For the limited length of records available at the selected 143 stations (maximum 40 years of data), the Type I extreme value function indeed offers better accuracy in modeling the annual extreme gust wind speeds at the 140 stations studied. Detailed discussions will be presented in the full-length paper. Table 1 . Table 1 The definitions imply that Si, Hs is positive when i is even (sweeps and ejections) and negative when i is odd (the two interaction events). Furthermore, (4) since the hole region vanishes when Hs=0. Employing the theory of isotropic turbulence, the power spectra of lateral velocity, Sv(n) and vertical velocity, Sw(n) are derived as:
For isotropic turbulence, we get v'2=w'2=u'2, Lvy =Lwz=Lu x. Here Lvy), and LWz are the integral length scales of the lateral and vertical velocity components, respectively; v'2 and w'2 are the variance of the lateral and vertical turbulent velocity fluctuations, respectively. Also, the relation, Lvx=Lwx=0. 5 Lux holds. Therefore, we derived the equations for Sv(n) , and Sw(n).
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1.INTRODUCTION
As the wind power equipment becomes large , the wind resources surveys have been required up to a higher altitude. Doppler sodar can provide the wind profile from the surface layer to several hundred meters high in the atmospheric boundary layer by using the sound wave. Different from the conventional in-situ sensor mounted on a meteorological tower, it measures the wind speed and direction continuously with the height and time.
Measurements are carried out by detecting the back scattering wave from the fluctuating region of the refractive index of the sound wave, in other words, the temperature and wind velocity that exist naturally in the air. Since the data loss of winds at the height of 100 m is less than 2% through a year ,D oppler sodar has been used as a general wind observation device in recent years1).
The cases that applied Doppler sodar to the wind resources surveys are increasing2). The authors observed the wind profiles over the various topographies by using a Doppler sodar and found that the vertical distribution of wind has the complicated aspect due to the influence of the topography, surface roughness and the atmospheric disturbance. In this manuscript, the authors show the observational cases with regard to the wind characteristics over the complicated topography in comparison with those over the flat terrain and the tableland. Also they tried the calculation of the wind energy resources by using a Doppler sodar .
2.ANALYSIS
Observations were carried out at the flat coastal area (Mikuni coast) in 1995, the tableland (Shionomisaki peninsula) in 1995 and the complex terrain (Shigaraki mountains area) in 1999 during a winter monsoon. Strong wind cases are analyzed from the data set for a month and typical examples are shown in Figs 1 through 3. Naito and Kobayashi3) indicates that the strong wind region passes through at irregular intervals and makes the complex time change of the wind profile during the monsoon outbreak.
As they point out , the wind profile changes greatly between the cases every 10 minutes even in a flat terrain. Taking the average over 60 to 120 minutes however , we can approximate the U profile with the power law
An internal boundary layer (IBL) is regarded as the height in which we can approximate the U profile by the expression (1). Fig 1 shows the 120 min averaged wind profiles obtained above observatories . We can find that the approximation of the U profile with the power law fits the observed winds up to the height about 100m at the Mikuni and Shionomisaki observatories, while it is extended to the layer higher than 200 m at the Shigaraki observatory. The mean wind U monotonously increases with increasing z, and the power index a increases with increasing U in the upper layer, although we cannot fully apply the power law to the observed profile and the wind shear is very small in the layer beyond the IBL height . •\ 661•\- •\ 662•\- •\ 663•\- 
INTRODUCTION
Singapore is an island located near the equator. The topography of this country is relatively flat with the highest elevation less than 200m above sea level. The wind system in this country is dominated by two monsoon periods, namely the northeast (NE) monsoon season from December to March and southwest monsoon (SW) season from June to September. This place is also not affected by the tropical cyclones (typhoons). On the other hand , there are frequent occurrences of tropical thunderstorm, especially during inter-monsoon periods between April-May and October-November. The winds produced by thunderstorm events are relatively stronger and more turbulent than those produced by monsoon winds. Therefore, thunderstorm winds are important sources of strong winds in this country.
Previous study1,2 showed that most of the high gust speeds (3-second gust) were observed during thunderstorms. In these studies, the yearly highest 10-minute and hourly mean wind speeds and the highest 3-s gust speed, for Changi meteorological station, were used to calculate the gust factor . The gust factors (U3/U600) and (U3/U3600) were calculated; and, it was found that the gust factors for thunderstorm (TS) events were higher than those for non-thunderstorm (NTS) events (monsoon winds). Comparing the gust factors during TS events, the gust factors based on hourly mean wind speed were about 1.5-2 times those of based on 10-minute averaged wind speed. This implied that the hourly averaged wind speeds during TS events were substantially lower than those of the 10-minute averages. For NTS events the 10-min averaged wind speeds did not significantly differ from the hourly mean speed. This suggested that thunderstorms were small-scale local events where the high wind speeds occurred over a relatively short periods.
The aim of this study is to investigate the variation of the gust factors based on different averaging periods during thunderstorms and monsoon seasons. Furthermore, in the previous study, the yearly highest 10-minute and 60-minute mean wind speeds did not necessarily occur at the hour of the 3-second gust. This paper studies the running average belonging to the same event.
DATA SOURCES AND DATA SELECTION
The data from two meteorological stations, Changi (CG) and Tengah (TG), were selected in the analysis of the gust factors. Their location is shown in Figure 1 . averaged wind speeds at which the 3-s gust occurred were also calculated. This ensured that the wind speeds for different averaging periods were from the same event.
3. GUST FACTOR Gust factor, G(t), is defined as the ratio of the maximum wind speed of given duration t, to the average wind speed for a given averaging period T, and given as: (1) where U, is the maximum wind speed averaged over t seconds and UT is the wind speed averaged over T seconds. Generally, t=3-s and T=10-min or 60-min are used to calculate the gust factors.
Two approaches are used to study the shape of the gust factor curves. Firstly, the ratios of 3-s gust speed to different averaged wind speeds are investigated, and denoted as G3,T. The calculated G3,T then are fitted into simple linear function.
The regression slope, S, of the fitted data indicates how fast the wind speed drops for different averaging periods. Secondly, the ratios of t second wind speeds to the hourly mean speed are calculated. It gives the traditional expression of gust factor, and denoted as Gt,3600. Many researchers suggested different forms of formula to express the gust factor as a function of the turbulence intensity and gust averaging period3,4. The simpler expression4 commonly used is given as follows. (2) where Cg is the gust factor coefficient and Ti is the turbulence intensity. For different events, the gust factor graphs resulted from this empirical function will give different series of straight lines if plotted in a semi-log scale.
RESULTS
The result of Gt,T analysis are grouped based on the station and the seasonal periods. For TS events, the results are further separated into two groups. Firstly, a TS-SD (same-direction) group for which the wind direction did not change within that hour. Secondly a TS-CD (change-direction) for which the wind direction changes abruptly within that hour. It is believed that the TS-CD group represents the "true thunderstorm" wind where the thunderstorm cell moved close to the measuring station.
The G3,T and Gt,3600 for CG-station during monsoons (NTS) and TS events are shown in Figure  2a and 2b, respectively. Figure 3a and Table 1 .G3,T-Slope (S-1) T 300s for different events. Table 2 . Gt ,3600 values for different events.
•\ 666•\- Figure 2 . G3,T and Gt,3600 for Changi Station Since, G3 ,T is also a function of the turbulence intensity, the steeper is the slope the more turbulent is the wind. Table 2 . summarizes the G3 ,3600 and G600,3600 values for different events. These values represent the relationship of the wind speed averaged over short period to the hourly wind speed. On average, the Gt,3600 for TS events are larger than those of NTS. Furthermore, from equation 2:
A value smaller than 3.96 implies that bulk of the high wind during the hour is less than one hour. The average value for monsoon wind is 3.70 and for TS is 3.13. The value for monsoon wind is close to the theoretical value; whereas that of TS is much another, the gust factor of 1.5 to 2.5 can be applied for analysis. However, this condition cannot be applied for TS winds. The gust factor for TS winds differs from one event to another. Hence, individual storm has to be investigated separately. The turbulence structure of thunderstorm winds is complex and need to be investigated further. Further investigation should study factors, such as, the type of storm (single or multi-cell), the duration of storm, the effect of cell center to the measuring station and etc. A current study including these aspects is being undertaken. The wavelet-generated winds, which had various unsteadiness, were generated with a method using inverse wavelet transform3) . The concept of this method is illustrated in Fig . 1 and Fig.2 . As shown in Fig.1 represent the strength of 16, (t) , are distributed on j-k plane in advance and the time history is generated with inverse wavelet transform (Fig.  2) 
In the wavelet-generated winds, various unsteadiness appears depending on the sets of random values A, generated by a computer. Fig.6(a) shows an example of wavelet-generated winds of Iu=9%. This was the case that looked having the strongest unsteadiness in the all 
